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years o r decades . W h e n mode l s a r e calibrat­
ed , it genera l ly is a s s u m e d tha t t h e aqui fe r 
system is in a na tu ra l s teady state cond i t ion 
p r io r to h u m a n inf luence. P a p e r s p r e s e n t e d 
d u r i n g this sympos ium d e m o n s t r a t e t h e falla­
cy of this a s sumpt ion in m a n y s i tuat ions. 
Many of t h e talks s h o w e d tha t g r o u n d w a t e r 
flow systems can c h a n g e dynamical ly over 
geologic t ime in r e s p o n s e to c h a n g i n g b o u n d ­
ary condi t ions , hydrau l i c stresses, o r aqu i fe r 
p rope r t i e s . Such c h a n g e s can be caused by 
long- te rm climatic changes , sea level changes , 
glacial load ing o r u n l o a d i n g , tectonic forces, 
mine ra l dissolut ion o r p rec ip i ta t ion , a n d d e ­
posit ion o r e ros ion of s ed imen t s . Each of 
these processes was a d d r e s s e d by o n e o r 
m o r e speakers . 
P e r h a p s t h e single mos t i m p o r t a n t a n d pe r ­
vasive t h e m e was tha t m o d e r n g r o u n d w a t e r 
systems may still be u n d e r g o i n g slow t r an ­
sient r e sponses to c h a n g e s in stresses tha t 
now a p p e a r cons tan t o r to processes tha t a r e 
n o longer active. T h i s m a y be mani fes ted by 
a n o m a l o u s hydrau l i c h e a d s o r by inconsis ten­
cies be tween m o d e r n hyd rau l i c g r ad i en t s a n d 
the d is t r ibut ions of solutes , i sotopes , o r t em­
p e r a t u r e . For e x a m p l e , several p a p e r s 
showed tha t t he p r e s e n t posi t ion of t h e fresh­
water-sal twater in ter face (or t rans i t ion zone) 
in coastal aquifers o n b o t h th% 2/3tlantic a n d 
Pacific coasts of the U n i t e d States a r e n o t 
now in equ i l ib r ium with sea level. F r e shwa te r 
ex tends f a r t he r of fshore t h a n can be ex­
pla ined by p re sen t -day sea level, a n d the in­
terface reflects a l ong - t e rm ave rage sea level 
at abou t 1 5 - 3 0 m lower t h a n p r e sen t . Conse ­
quent ly , t he in ter face is m i g r a t i n g na tura l ly 
toward t he land . T h i s type of n a t u r a l t r an ­
sient c h a n g e m u s t be recognized a n d differ­
en t ia ted f rom artificially i n d u c e d effects if ac­
cura te p red ic t ions of fu tu r e c h a n g e s in 
g r o u n d w a t e r flow a n d quali ty a r e to be m a d e . 
Several p a p e r s focused o n the wes te rn 
Uni t ed States, w h e r e geologically r ecen t cli­
matic changes have a l t e red r e c h a r g e p a t t e r n s 
to aquifers . T h e c h a n g e in r e c h a r g e , in t u r n , 
causes changes in t he flow systems, which 
t hen affect wa te r qual i ty. O t h e r p a p e r s dis­
cussed l o n g e r - t e r m geological processes relat­
ed to s ed imen ta t i on a n d e ros ion . Eros iona l 
u n l o a d i n g a n d t o p o g r a p h i c c h a n g e s can have 
s t rong influences o n g r o u n d w a t e r flow pat­
t e rns in low-permeabi l i ty e n v i r o n m e n t s . 
T h e r e , significant u n d e r p r e s s u r i n g is caused 
by ad jus tmen t t imes o n t h e o r d e r of several 
millions of years . Converse ly , h i g h depos i -
t ional ra tes a n d s e d i m e n t c o m p a c t i o n , such as 
occurs in t h e Gu l f Coas t basin , c an lead to 
significant o v e r p r e s s u r i n g . I n ce r ta in cases, it 
m igh t be possible for a h i g h - t e m p e r a t u r e ba­
salt in t rus ion to i n d u c e p r e s s u r e anomal i e s in 
sed iments tha t a r e r e t a ined for t h o u s a n d s of 
years af ter t h e in t rus ion ' s h e a t has d iss ipa ted . 
Some of t h e o t h e r p a p e r s n o t e d t h e poten t ia l ­
ly i m p o r t a n t ro le of g r o u n d w a t e r flow in con­
trol l ing t h e mig ra t i on a n d a c c u m u l a t i o n of 
oil. U n d e r s t a n d i n g t h e evolu t ion of g r o u n d ­
water flow t h r o u g h p e t r o l e u m sou rce b e d s 
a n d t r aps can lead to i m p r o v e m e n t s in exp lo ­
ra t ion a n d d e v e l o p m e n t s t ra tegies . 
A c o m m o n fea tu re a m o n g mos t of t h e r e ­
p o r t e d s tudies was t h e use of n u m e r i c a l s imu­
lation mode l s to aid in analysis. G r o u n d w a t e r 
flow, so lu te - t r anspor t , a n d h e a t - t r a n s p o r t 
mode l s were consistently u s e d to s imula te 
processes over p e r i o d s of t h o u s a n d s of years 
to mill ions of years . 
In s u m m a r y , t h e p a p e r s d e m o n s t r a t e d tha t 
u n d e r s t a n d i n g l o n g - t e r m climatic a n d geolog­
ic processes can aid in t h e analysis of g r o u n d ­
water flow systems a n d h e l p exp la in obse rved 
anomal ies in h e a d a n d wa te r qual i ty. C o n ­
versely, a k n o w l e d g e a n d u n d e r s t a n d i n g of 
t he dynamics a n d evolu t ion o f g r o u n d w a t e r 
flow systems m a y h e l p in exp l a in ing o r in te r ­
p r e t i n g cer ta in geologic f ea tu res a n d process­
es, such as d iagenes is , o r e depos i t ion , p e r m e ­
ability, a n d poros i ty e n h a n c e m e n t , a n d p e t r o ­
l e u m migra t ion . 
This report was contributed by Leonard F. Koni-
kow, U.S. Geological Survey, Reston, Va. and 
Donald I. Siegel, Department of Geology, Syracuse 
University, Syracuse, N.Y. 
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A vitally i m p o r t a n t aspect of u n d e r s t a n d i n g 
the compos i t ion , s t r u c t u r e , a n d processes act­
ing within t he solid E a r t h is ob ta in ing a com­
plete as possible k n o w l e d g e of t h e fields of 
stability of t h e Ear th ' s c o m p o n e n t mine ra l s 
a n d the i r h i g h - p r e s s u r e p o l y m o r p h s with re ­
spect to p r e s s u r e a n d t e m p e r a t u r e . Liu a n d 
Bassett 's book is t h e first effort which has fo­
cused o n b r i n g i n g t o g e t h e r t h e available 
phase d i a g r a m s for t h e e l emen t s , oxides , a n d 
silicates tha t a r e re levan t to t he u n d e r s t a n d ­
ing of Ear th ' s a n d t h e o t h e r te r res t r ia l p lane­
tary in ter iors . Since t he book also covers t he 
e l emen t s a n d c o m p o u n d s i m p o r t a n t to t he 
shallow reg ion of t h e man t l e s of t he major 
p lanets (e.g., H 2 , H e , C, a n d H 2 0 ) , it is an in­
valuable source of d a t a for scientists s tudy ing 
the in te r iors of these p lane t s as well. 
A n initial i n t r o d u c t o r y c h a p t e r lays ou t , in 
very c o n d e n s e d fo rm, t he re la t ion of p h a s e 
d i ag rams to t h e r m o d y n a m i c p rope r t i e s . Crys­
tal chemical pr inc ip les a r e s u m m a r i z e d , as 
well as the m a i n fea tures of t h e t echn iques 
a n d a p p a r a t u s e m p l o y e d to obta in t he da ta 
s u m m a r i z e d in t he r e m a i n d e r of t he book. 
A l t h o u g h re fe rences to a p p a r a t u s p a p e r s a r e 
n u m e r o u s a n d well chosen , r e fe rences to 
works which re la te t h e r m o d y n a m i c p r o p e r t i e s 
to con t ruc t ion of p h a s e d i a g r a m s a r e lacking. 
T a b l e 1.3, a s u m m a r y of t he ionic radi i of el­
e m e n t s in d i f ferent coord ina t ions a p p e a r s to 
m e to be t he mos t valuable p a r t of C h a p t e r 1. 
C h a p t e r s 2, 3, a n d 4, in which t h e p h a s e di­
a g r a m of t h e e l emen t s , px ides , a n d silicates 
a r e s u m m a r i z e d , a r e t he h e a r t of this book. 
T h e p r e s s u r e r a n g e covered varies f rom 40 
to 50 kbar for mater ia l s whose p h a s e dia­
g r ams were s tud ied with a p is ton cyl inder ap ­
p a r a t u s a n d u p to 3000 kbar for t h e case of 
i ron which has b e e n s tudie us ing shock wave 
techniques . Similarly, t h e t e m p e r a t u r e r a n g e s 
of the phase d i a g r a m s vary f rom ~ 1 0 2 o K to 
10 3 o K, d e p e n d i n g o n the r a n g e over which 
the mel t ing po in t has b e e n e x p l o r e d . T h e 
crystal s t ruc tu res of mos t of t he solid poly­
m o r p h i c phases a r e r e p o r t e d o n t h e basis of 
in situ a n d q u e n c h e d X ray diffraction mea­
s u r e m e n t s c o n d u c t e d in mul t ianvi l a n d dia­
m o n d anvil p r e s s u r e a p p a r a t u s d u r i n g t he 
last 20 years . 
I n genera l , t h e h u g e task of compi l ing a n d 
critically rev iewing p h a s e e q u i l i b r i u m da t a 
for h u n d r e d s of mater ia l s has b e e n ca r r i ed 
o u t ex t remely well. I n t e r s p e r s e d with p h a s e 
d i ag rams a r e s o m e useful tables a n d figures 
p rov id ing crys ta l lographic da t a for g r o u p s of 
c o m p o u n d s a n d d e m o n s t r a t i n g t he systemat-
ics of mo la r v o l u m e versus ca t ion-an ion dis­
tance for re la ted c o m p o u n d s a n d s t ruc tu res . 
A technical flaw in t h e book, which is easily 
cor rec ted , is a missing p h a s e d i a g r a m for 
P b C r 0 3 (p. 143). U n f o r t u n a t e l y , t he cap t ion is 
no t missing a n d , as a resul t , t he nex t 51 
phase d i agms have t he w r o n g cap t ion . T h i s 
p r o b l e m is no t so r ted o u t unt i l p p . 178 a n d 
179, w h e r e t he p h a s e d i a g r a m of K 2 C r 2 0 7 is 
given twice (on p . 179 with t h e cor rec t cap­
t ion). 
In discussing successive p h a s e t r a n s f o r m a ­
tion of t he silicates with p r e s s u r e (e i ther in 
C h a p t e r 4 o r 5) it wou ld have b e e n he lpfu l to 
the r e a d e r to have p r o v i d e d a de ta i led series 
of obse rved a n d / o r theore t ica l seismic velocity 
versus d e p t h profiles for t h e t rans i t ion r eg ion 
of t he Ea r th . T h e re la t ion of s h a r p seismic 
velocity increases to p h a s e t r a n s f o r m a t i o n in 
the 200- to 7 0 0 - k m - d e p t h r a n g e of t he E a r t h 
a r e extensively discussed in C h a p t e r 5. Also 
in C h a p t e r 5, several de ta i led m a n t l e m o d e l 
compos i t ions a r e given in a series of tables. 
T h e i r significance wou ld be easier to c o m p r e ­
h e n d if t he tables specifying these (5 .1 -5 .10) 
h a d capt ions . A s u m m a r y of cosmochemica l 
cons t ra in ts a n d the re la t ion of m a n t l e mode l s 
to t he obse rved chemis t ry of crus ta l rocks de ­
rived f rom par t ia l mel t processes wou ld have 
m a d e this last c h a p t e r m o r e comple t e . 
In spite of t h e m i n o r deficiencies in t h e 
p r e s e n t p r in t ing , this m o n u m e n t a l work is a 
highly useful a n d l o n g - n e e d e d book which 
will serve solid Ea r th scientists for m a n y 
years . 
Thomas J. Ahrens is with the Seismological Lab­
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